The paper empirically analyzes the economic theory and intuition that the "free rider" problem will overwhelm firm-wide incentives in large firms. Kandel and Lazear (1992) claim that in a simple model of an equitable partnership, Nash equilibrium effort levels fall with the number of partners -the 1 N problem. The paper shows that this result is crucially dependent on a unstated assumption on the production function. In particular, if worker effort levels are complementary, effort levels can increase with the number of partners. This difference may explain the empirical finding that the 1 N problem is substantial in medical and legal practices (where effort levels are independent), but less important in manufacturing (where effort levels are complementary). The empirical results suggest that the use of firm-wide incentives increases with firms size, at least for smaller firms. The results do not support the claim that the use of other human resource practices, like self-managed work teams, allows the firm to mitigate the 1 N problem.
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Introduction
The use of profit sharing amongst production line workers in large manufacturing firms, seems to defy economic logic. According to Kandel and Lazear (1992) , 'the idea that joint ownership can do much for incentives when the number of workers is large seems wrong on the face of it. After all, each worker bears the full cost of his own effort, but reaps at most 1 N of the benefit in an N -worker firm ' (pp. 801-2) . Despite the general incredulousness of economists, these types of incentives schemes are used in large firms and moreover such schemes have been found to improve firm performance.
1 This paper takes a closer look at why firm-wide incentives should or should not be used in large firms, and tests the explanations on a data set based on a large survey of production line workers and the manufacturing establishments that they work for.
In their seminal work, Kandel and Lazear (1992) argue that without peer pressure, Nash equilibrium effort levels will fall as the number of workers is increased. However, this is not generally true in the model analyzed by the authors.
The analysis presented below shows that if effort levels are complements (in the sense that the marginal value of effort increases in other people's effort), then Nash equilibrium effort levels may increase as the number of workers increase. The empirical section estimates the probability that an individual production worker receives either profit sharing or employee share ownership. The section estimates a number of different specifications, the results suggest that the use of profit sharing increases in firm size, at least for smaller firms.
Despite the empirical results presented below, there exists compelling empirical evidence in support of the 1 N problem. It seems that at least for legal and medical partnerships, the 1 N problem is real (Gaynor and Gertler 1 See for example, Knez and Simester (2001) and their analysis of the productivity improvements achieved at Continental Airlines after the introduction of a firm-wide bonus scheme for the airline's 35,000 hourly workers, or Ichniowski et al. (1997) and Boning et al. (2001) and their analysis of the productivity improvements attributed to profit sharing amongst production workers in the steel industry.
2 It is true if effort levels are independent of each other, which is probably the case the authors had in mind.
(1995); Prendergast (1999) ). Gaynor and Gertler (1995) shows that proxies for doctor's effort decrease as the number of doctors in the practice increases. However, the empirical evidence on the relationship between firm size and the use of profit sharing in manufacturing (and other industries) is not nearly so clear. As stated above, a number of studies have found that firm-wide incentives schemes lead to productivity improvements, even after accounting for the selection problems inherent in such measures (Boning et al. (2001) ; Knez and Simester (2001) ). Boning et al. (2001) point out that this result suggests the free rider problem is not overwhelming, at least not in steel mini-mills.
Studies on the adoption of profit sharing using establishment and firm level data are inconclusive. Using Canadian firm level data, Jones and Pliskin (1997) find that larger firms are more likely to offer employee share ownership to all non-managerial employees and profit sharing to production workers, contradicting the standard intuition. Drago and Heywood (1995) analyze the adoption of incentive schemes in Australian establishments. The authors do find that profit sharing schemes are less likely to be used by larger firms, although the estimated coefficient is not statistically significantly different from 0. Heywood et al. (1998) analyzes the use of profit sharing in German establishments. The authors find that larger firms are again more likely to use profit sharing, although the coefficient is not statistically significantly different from 0. The analysis presented below aims to complement these papers by analyzing individual employee level data. Such data is likely to provide more accurate information on the adoption of such a schemes, and the relationship between the use of profit sharing and the adoption of other human resource management practices.
The analysis presented below may help to explain the divergent empirical results. If effort levels are (more or less) independent in medical practices and legal partnerships, then the model predicts effort levels will decrease with partnership size. It seems likely that the effort level choice of one doctor has little or no effect on the productivity of the other doctors in the practice. Doctors generally form partnerships in order to share costs (building, nurses, receptionists) and to reduce risk. the other hand, it seems likely that effort levels are complementary. For example, on a production line, if one worker is shirking or becoming careless, the productivity of workers further down the line will be adversely affected. It seems likely that the size of a manufacturing firm is intimately related to the degree with which worker's efforts are complements. The analysis of the bonus scheme at Continental suggests that interdependence is important. The scheme introduced by Continental gave all workers in the firm a bonus if a firm-wide target of on-time departures was achieved. According to Knez and Simester (2001) A flight cannot depart until the entire ramp and gate activities have been performed, so that poor performance by one employee can negate good performance by the rest of the group. For example, maintenance or fueling delays will prevent a flight from leaving on time, even if passengers and baggage are loaded... (p. 766) It is also the case that breakdowns at one airport will affect the ability of other airports to contribute to achieving the company wide target (especially in a hub-spoke system).
There are two other arguments made in the literature regarding why the 1 N problem is not overwhelming for firms using profits sharing plans. The first is that there are economies of scale in adopting incentive schemes such as profit sharing or employee share ownership. This would occur if there were substantial fixed costs or large overhead in implementing these schemes. It seems reasonable to expect that only larger firms are going to offer employee share ownership. Jones and Pliskin (1997) suggest that at least part of the explanation for their results lies with the existence of scales economies, particularly given the administrative costs of employee share ownership schemes.
The second is that firms use human resource management practices, such as self-managed work teams that allow for "mutual monitoring" (Knez and Simester (2001); Pliskin (2000) ). According to Knez and Simester (2001) Weitzman and Kruse (1990) . The authors show that the implicit incentives generated by perfect (within group) monitoring and repeated interaction allow the free rider problem to be solved. However, the authors do not model the exact situation discussed by Knez and Simester (2001) , where there is perfect monitoring within the self-managed work team but imperfect monitoring between teams. Kandel and Lazear (1992) argue that such mutual monitoring cannot work in a large firm with a firm-wide incentive scheme. The authors argue that the mutual monitoring equilibrium unravels when there is imperfect monitoring between groups. I am not aware of any theoretical analysis of the situation. Rather than taking a stand one way or another, this paper will simply test the hypothesis that self-managed work teams solve the free rider problem, allowing profit sharing to be used in large firms.
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There exists a parallel discussion of group size and free riding in the charitable giving literature. Andreoni (1988) shows that the standard model of charitable giving, voluntary contributions to a public good, imply a free rider problem. The author shows that the standard model suggests that there are "limits to altruism." In an economy with uncertainty, as the number of people in the economy grows large, the free rider problem becomes overwhelming. There has been some work in the experimental literature to determine whether there is a relationship between group size and free riding. However, no clear relationship has been found. Isaac and Walker (1988) show that the free rider problem does increase with group size, but only if the value of the marginal contribution is allowed to decrease with group size. If the value of the marginal contribution is held constant, then size has no 4 The terms self-managed work teams and (semi) autonomous work groups are used in the literature to refer to the human resource management practice of giving decision making power to a small group of production workers (Levine (1995) ; Eaton et al. (1997) ).
5 Knez and Simester (2001) and Che and Yoo (2002) also point out that in firms with complementary effort levels, incentives can be further improved as co-workers can implement harsher punishments by reducing effort levels.
effect on the free rider problem. This argument is similar to the argument made below that the relationship between group size and free riding is dependent on the relationship between group size and the production function. Other experimental evidence suggests that average giving actually increases in group size (Isaac et al. (1994) ).
The rest of the paper proceeds as follows. Section Two presents a simple theoretical analysis of the relationship between firm size and worker effort choice. The section presents the empirical implications of this model. The section also presents the empirical implications of the economies of scale hypothesis and the mutual monitoring hypothesis. Section Three presents the empirical evidence. The section discusses the data and tests the hypotheses. Section Four concludes.
Theoretical Analysis of Group Incentives
This section has three parts. The section presents a theoretical model to illustrate how the number of employees is related to individual effort choices under a simple firm-wide incentive scheme. The implications of this model are illustrated using a linear latent profit model of the firm's decision to use firmwide incentives. The implications of economies of scale are also illustrated using this model. The section also analyzes the value of using firm-wide incentives conditional upon the use of other human resource management practices such as self-managed work teams, that allow for mutual monitoring. A linear latent profits model is used to illustrate the implications of the mutual monitoring hypothesis.
A Simple Model of Group Incentives
Consider a firm with N workers. The production function is f : ∞ → . For a firm with N workers f (e 1 , e 2 , ..., e N , ...) is such that for all i > N , e i is a constant such that ∃M ∈ such that f < M . The partial derivative on i's effort is positive (f i > 0), and there is diminishing returns in i's effort (f ii < 0). Assume that the incentive scheme is an "equitable partnership". That is, worker i receives f N . Given the assumptions on f and C, for any N , worker i's effort choice (e * i (N )) is the solution to the following first order condition,
Equation (1) is equivalent to Equation (2) in Kandel and Lazear (1992) . The authors seem to believe that this equation implies that effort choice decreases in N . If however, f ij > 0, for i = j, then the opposite may be true.
What does this mean? If the production function is such that each worker's marginal productivity (f i ) is increasing in the number of workers (N ), then this is sufficient for e * i to be increasing in N .
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Does such a production function exist? Is it a reasonable representation of a manufacturing firm? Consider a Cobb-Douglas production function,
, where e i = 1 for all i > N , and α ∈ (0, 1). The following proposition shows that if α is large enough, then effort levels increase with N .
7 These are the standard assumptions of the incentive literature (Holmstrom (1979) ; Kandel and Lazear (1992) ).
8 According to Kandel and Lazear (1992) , 'The standard argument, as illustrated by (2), is that effort falls as firm size increases' (p. 815).
9 More precisely the production function is f = e 1 + e 2 + ... + e N + 0 + 0 + .... 10 The necessary condition is that
Proof. From Equation (1), e * i (N ) is the solution to
By symmetry, the Nash equilibrium is such that e * i = e * j = e * for all i, j ≤ N .
If for some range of N , α is large enough, then Nash equilibrium effort levels will increase as more workers are hired. How "large" α needs to be depends on the cost of effort function. But in general, the more complementary effort levels are the more likely that effort levels will increase with N .
Note that the Cobb-Douglas production function presented above has the property that for a given α, the "equilibrium" production function (f (e * )) will increase unboundedly as N gets large. In order to mitigate this, α must decrease at a "fast enough" rate as N gets large. In the example, presented above, if α = A N 2 , for some large A, then equilibrium effort levels will increase for small N , but eventually they will go to 0 as N gets large.
The Cobb-Douglas function is an example of a production function that is supermodular in worker effort levels (Milgrom and Roberts (1990) ). That is, worker effort levels are complements to each other. If someone else in the firm works a little harder, then every other worker's marginal productivity increases. I would argue that complementarities in effort levels are a reasonable characterization of a modern manufacturing plant, in fact the size of the firm itself must be closely related to the existence of such complementarities. Consider the task of authoring a paper. This paper is authored by one person. It reasonable to believe that if another economist was willing to coauthor the paper, then my effort level would actually increase because the marginal returns of my effort would increase. The coauthor and my effort levels would be complementary. In economics, these complementarities are such that two or three economists and 1 or 2 research assistants are optimal to author a paper. In other disciplines the number can be much larger.
Analysis of this simple model shows that the intuition of the 1 N problem is not straight forward. If there are complementarities in the production process, effort levels of individual workers may not decrease in firm size.
It is therefore not obvious that the value of using profit sharing decreases monotonically in firm size.
A Model of Firm Choice of Profit Sharing
In a simple linear latent profit model there exist two possibilities, the latent value of each is presented below. Let V P be the latent value to the firm, where P ∈ {0, 1} indicates whether the worker is provided with profit sharing. First, the value of not using profit sharing is denoted by A ij for worker i and firm j. The latent profits of the other contract will be compared to this one.
The value of using profit sharing is V 1 .
where N j is the number of workers in firm j, g is some function of N j , X i is a vector of observable characteristics of the worker, X j is a vector of observable characteristics of the worker's firm, and ijP represents unobservable characteristics that affect the relative value of using profit sharing. If g(N j ) = β N N j or g(N j ) = β N log(N j ), then the 1 N problem exists if β N < 0. A result that β N > 0 would be consistent with the hypothesis that there are complementarities in the production process and effort levels increase with firm size. This result would also be consistent with the existence of economies of scale.
A Model of Firm Choice of Profit Sharing and Teams
Consider the linear model presented above. Now assume that the firm can choose to use two human resource management practices, profit sharing (P ∈ {0, 1}) and teams (T ∈ {0, 1}), where are either self-managed work teams or quality circles or both. The value of these two practices is denoted V P T . First, the value of neither using profit sharing nor groups is denoted by A ij . The latent profits of the other contracts will be compared to this one.
The value of using profit sharing but not using teams is V 10 . The variables are defined in the previous section.
The value of using teams but not profit sharing is V 01 . The value of using teams may also be a function of firm size as well as other observable characteristics of the worker and the firm.
where ijT represents unobservable characteristics that affect the relative value of the contract with teams only. The value of using profit sharing and teams is V 11 .
Note that with out loss of generality Equation (8) can be rewritten in a form that is more conducive to representing the particular hypothesis test of interest.
where the "*" variables represent the "extra" value of using both practices together. The mutual monitoring hypothesis is, conditional on the use of teams, the value of profit sharing is not affected by the size of the firm, and conditional on not using teams, the value of profit sharing decreases with size. For the first part the appropriate difference is
For the second part of the hypothesis the appropriate difference is
Using these two equations the hypothesis to be tested is.
Hypothesis 1 Mutual Monitoring
Part (i) of Hypothesis 1 follows the reasoning of ?) and states that if teams are used by the firm, then the value of profit sharing will be unaffected by the size of the firm. Part (ii) is the same as the traditional 1 N problem, but now with the condition that the firm does not use teams.
Empirical Evidence on Group Incentives

Data
The empirical analysis presented below uses data from the Canadian Workplace and Employee Survey (WES) 1999. WES 1999 surveyed management and up to 12 employees at 6,358 establishments with a response rate of around 95 %. There are 24,938 employee surveys, which is a response rate of 83 %. It is important to realize that this is establishment level data, and that there may be more than one establishment per firm. There are two concerns. First, the measure of size may be not be accurate. This issue is discussed further below. Second, the standard errors may be larger than shown because it is not possible to tell whether two establishments are actually members of the same firm, and thus not independent observations. For a more detailed discussion of this issue see Jones and Pliskin (1997) .
In order to reduce the variation in the type of establishments and workers that are analyzed, the samples are limited to full-time production workers 11 in non-government manufacturing establishments. This restriction substantially reduces the sample size.
12
The restriction is particular important for understanding what is meant by the use of "teams" or "circles". In a broader sample that includes non-production workers or non-manufacturing firms, it is often difficult to understand what is meant by these types of human resource management practices.
11 A production worker is either a skilled tradesperson or an unskilled production worker. 12 The actual sample sizes are listed with the results.
The dependent variable, PROFIT SHARING, is 1 if the worker receives profit sharing or is involved in a share ownership plan. PROFIT SHARING is 0 if the worker does not have profit sharing and is not involved in a share ownership plan.
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The use of profit sharing is determined by a direct question of the worker. The other dependent variable is TEAM. TEAM is 1 if the worker if they are either in a self-managed work team or a circle, TEAM is 0 if neither is true. Again, the definition is based on a direct question to the worker.
The measure of the size of the firm is the number of full-time employees in the establishment. Note that this measure only tells us how many workers there are at the establishment, not the total number of full-time employees of the firm. This is a concern because the profit-sharing plans and the share ownership schemes may be firm wide rather than establishment wide.
The analysis uses six measures of employee characteristics. The first, EX-PERIENCE is the number of years since the worker started her particular job (not necessarily when she started at the firm). This measure is meant to capture the worker's knowledge and experience with the production process. The second, UNION, is 1 if the employee is a member of a union and 0 otherwise. It has also been argued that unions tend to be opposed to profit sharing (Gregg and Marchin (1988) ). The third characteristic, MALE is 1 if the employee is male and 0 if the employee is female. The fourth characteristic of the employee, SKILLED is 1 if the employee is a skilled trades person and 0 if the employee is an operator or assembly worker. CANADIAN BORN IS defined as you would expect. HIGH SCHOOL is 1 if the worker completed high school, HIGH SCHOOL is 0 if the worker did not complete high school.
There are two measures to describe the establishment's product market. CUSTOM which is 1 if the relative importance of improving coordination with customers and suppliers is "very important" or "crucial." CUSTOM is 0 if the relative importance of improving coordination with customers and suppliers is "not applicable" or "not important." Note, observations that state coordination is "important" and "slightly important" are dropped. This is done in order to increase the accuracy of the measure. The second measure of the establishment's product market is QUALITY. QUALITY is 1 if the relative importance of improving quality is "very important" or "crucial." QUALITY is 0 if the relative importance of improving quality is "not applicable" or "not important." Note observations that report quality as "important" and "slightly important" are dropped. Again, this is done in order to increase the measure's accuracy. The incentive literature suggests that it will be more difficult to monitor the worker's actions when those actions include quality margins as well as quantity margins (Drago and Heywood (1995) ). Table 1 presents the sample means (frequencies) of the variables used in the analysis. These are the unweighted means, while the regression results are for the weighted sample. Just over 10 % of production workers have profit sharing or share ownership, while over half are members of teams or quality circles. problem is not supported by the data. The hypothesis implies that the coefficient on the log of the number of employees is negative. From Column 2, the coefficient is,
Results
and statistically significantly different from 0. This result indicate that production workers in large establishments are (if anything) more likely to receive profit sharing than workers in small establishments. This is consistent with the claim that there are complementarities in the production function and with the argument that there are economies of scale. Column 4 presents the results with the assumption that g(
which is negative and statistically significantly different from 0. The results suggest that for Canadian establishments with over 4,000 full time workers, the free rider problem becomes overwhelming and the probability of using profit sharing decreases in establishment size. A possible explanation for this result is that there is a free rider problem and there are also economies of scale in the adoption of profit sharing. For smaller firms, economies of scale dominate free riding, and for larger firms, free riding dominates economies of scale. Alternatively, it seems reasonable that complementarities will diminish with firm size, and eventually the addition of new workers is not enough to induce greater effort.
15
The last hypothesis to be tested in this section is the mutual monitoring hypothesis. The estimator used to test this hypothesis accounts for the endogeniety in the decision of the firm to give a worker both profit sharing and place that worker in a self-managed work team or quality circle. The estimator is discussed in detail in Adams (Forthcoming, 2002) . The estimator allows the firm's choice on giving a worker profit sharing and teams to be 15 It seems that for academic papers in economics, this number is around 2. made simultaneously, and it allows the two choices to interact. The model's key characteristics is that it allows this interaction to vary from worker to worker in observable and unobservable ways. Table 3 presents the estimates from the complementary Probit. From the data, the equations are respectively (from column 2, row 3 and 19)
which is positive rather than 0, and (from column 2, row 3)
which is also positive and statistically significantly different from 0. That is, for workers not in teams, larger establishments are more likely to receive profit sharing the workers in smaller establishments. These results are not consistent with the Mutual Monitoring Hypothesis. This hypothesis posits that β N P < 0 and β N P + β * N P T = 0, neither of which is supported. The results do however give further support for both the claim that there are complementarities in the production process as well as for the argument that there are economies of scale, both of which posit that β N P > 0.
These results also highlight the importance of the QUALITY variable. Not only is QUALITY an important determinant of the use of profit sharing it is also an important indicator of whether profit sharing and teams are complements. It should be noted that "teams" includes the use of quality circles and problem solving groups, both of which seem to be very important for firms that produce high quality products (Boning et al. (2001); Ichniowski et al. (1997) ).
Conclusion
The 1 N problem states that as firms get large, workers will be more likely to free ride and firm-wide incentive schemes will breakdown. This paper shows that the intuition from the simple model is not as straight forward as we have been led to believe. Whether effort levels decrease or increase, as the number of workers increase, is crucially dependent on the production function. If the production function is separable in the effort level of each worker, then the intuition holds. However, if there are complementarities, more workers may increase effort levels under equitable partnership incentive schemes. This difference in production functions, may explain why the 1 N problem seems to hold in legal and medical partnerships, but does not seem to hold in manufacturing firms. Empirical results from a recent Canadian survey of production workers and their establishments, does not support the notion that firm size is negatively related to the adoption of firm-wide incentive schemes. The results suggest that (at least for smaller firms), as firm size increases the adoption of profit sharing and employee share ownership also increases.
Another possible explanation is that large firms use human resource management practices that allow for mutual monitoring and thus mitigate the free rider problem (Knez and Simester (2001); Pliskin (2000) ). The argument (formalized by Che and Yoo (2002) ) is that if workers are able to perfectly observe each other's actions, then the Nash equilibrium of the repeated game allows profit sharing to implement the Pareto optimal effort levels. It is argued that human resource management practices such as self-managed work teams and quality circles allow workers to mutual monitor (or perfectly observe) each other's actions. Kandel and Lazear (1992) point out that workers may not be able to perfectly monitor workers in other teams. The authors suggest that the argument unravels under such circumstances. I am not aware of any theoretical analysis of this situation. This paper tests the two empirical implications of the mutual monitoring hypothesis. First, establishments that use teams will not suffer from the free rider problem and so size will not affect the value of profit sharing. Second, establishments that don't use teams will suffer from the free rider problem and so size will decrease the value of profit sharing. The empirical findings do not support the hypothesis. The results suggest the workers in larger establishments are more likely to receive profit sharing, irrespective of their participation in teams.
The paper finds that in manufacturing, the use of profit sharing increases in firm size (at least for small firms). The results are consistent with two explanations. The first is that effort choices between workers in manufacturing are complementary. If this is true then it may be the case that effort choices would increase with the number of workers and profit sharing may be more profitable for larger firms. The second is that there are economies of scale in the use of profit sharing and employee share ownership plans.
